Abstract The distribution of knowledge around the world varies significantly with developed countries possessing most of the world's current intellectual capital (IC) compared to developing countries. Most IC research has been conducted in a variety of international settings such as the UK, Scandinavia, Australia, Canada, Austria, Malaysia, the USA, and Ireland. However, no empirical research has been conducted at the organizational level in the field of IC in Arab countries. These nations are socially, economically, and culturally different from most countries in the aforementioned list. This study describes the IC in Egyptian software firms. The study's objective is to contribute to the IC theory development by building a measurement system in an unique context. This paper highlights the key IC indicators as reported by Egyptian CEOs. Ultimately, the resultant report provides them with a direction for building a strong knowledge base for future IC development.
Introduction
With the emergence of the knowledge-based economy, we have witnessed many changes in the nature of work and the demands placed on organizations to become the storehouses of innovation, nourishing and sustaining wellsprings of talent. The knowledge-based economy has provided us with new notions of globalization (i.e. borderless economies) and new models for firms (i.e. networked learning organizations). These emergent trends have a great influence on management research and require new approaches for investigation. Over four decades back, Penrose (1959) looked at the firm as a repository of knowledge and experience and argued that knowledge is the critical factor in explaining the growth of firms. More recently, intellectual capital (IC) is considered as the critical antecedent for the sustained performance of a firm (Bierly and Chakrabarti, 1996; Bontis, 1996 Bontis, , 1998 Bontis, , 1999 Bontis, , 2001 Bontis, , 2003 Brennan and Connell, 2000; Grant, 1996; Kogut and Zander, 1992; Spender, 1996) . Indeed, some have gone farther to say that knowledge assets have become more important to business success than the traditional factors of production (Choo and Bontis, 2002; Drucker, 1993; Edvinsson and Malone, 1997; Stewart, 1997; Sveiby, 1997) . In this new paradigm, IC consists of three components: human capital, structural capital, and relational capital (Bontis, 1999 (Bontis, , 2001 Edvinsson and Malone, 1997; Nahapiet and Ghoshal, 1998; Sveiby, 1997) . Stewart (1997) defines IC as intellectual material -knowledge, information, intellectual property and experience -that can be put to use to create wealth. Thus, IC is the possession of knowledge, applied experience, organizational technology, customer relationships, and professional skill that provide a competitive edge in the market (Edvinsson and Malone, 1997) . IC also captures both stocks and flows of an organization's overall knowledge base (Bontis, 1999; .
Based on the notion that "what is measured, is managed", the measurement of IC becomes critically important for firms in the knowledge-based era. There are many frameworks that attempt to measure the IC including the Balanced Scorecard (Kaplan and Norton, 1992) , the IC Navigator (Edvinsson and Malone, 1997) , the Intangible Assets Monitor (Sveiby, 1997) , and others (Bontis, 2001; Bontis et al., 1999 for a comprehensive review). Most of the historical research in the field concentrates on examining the relationship between the IC and performance (Ashour, 2000; Bontis, 1998 Bontis, , 1999 Bontis and Fitz-enz, 2002; Brennan and Connell, 2000; Brooking, 1997; Bontis, et al., 2000; Chase, 1997; Guthrie and Petty, 2000; Harrison and Sullivan, 2000; Hussi and Ahonen, 2002; Joia, 2000; Marques and Garrigos, 2003; . This study attempts to describe the IC by examining both stocks and flows of knowledge resources. It aims to generate specific hypotheses that link IC components with organizational performance within an Egyptian software firm context. Brennan and Connell (2000) summarize 14 empirical research studies on different aspects of IC. Their research shows that a variety of data collection methodologies were used including interview, case study, questionnaire, survey of annual reports and focus groups. The most popular method was examining the case studies across a small number of companies. However, interviews and questionnaires were often used to supplement each other and usually involved larger sample sizes offering stronger empirical support. Following this, the authors decided to conduct a cross-sectional field survey across Egyptian software firms in order to further develop the empirical support for IC and to provide an unique context that has not been studied earlier.
Focus of study
The present study involves three groups of variables: human capital, structural capital and relational capital. Human capital refers to a combination of indicators that reflect the individual talent in the firm and the renewal and development of its human resources. Human capital is the sum of the workers' skills, experience, capabilities, and innate knowledge (Edvinsson and Malone, 1997) . Moreover, Bontis (1998) describes human capital as the firm's collective capability to extract the best solutions from the knowledge of its individuals. Structural capital focuses on the codified knowledge base of the firm. It is often referred to as what is left when employees go home at night . Structural capital also reflects the firm's ability to translate the innovation and energy of its human capital into company property while capitalizing on that innovation to create wealth. Relational capital reflects the ability of the firm to interact positively with business community members in order to stimulate potential for wealth creation by enhancing human and structural capital. It includes all knowledge assets accumulated by the firm from its relationships with customers and other partners, competitors, associations, governments, or other organizations that interact with the firm (Bontis, 1999) .
Sample and measures
The target population for the study was all the 107 member firms of the Software Industry Chamber in Egypt. The final sample consists of 38 software firms representing 35.5 percent of the total population. Table I represents the distribution of the sample.
Intellectual capital
The software industry is an excellent setting to understand the features of the knowledge-based economy. Generally speaking, software firms lack tangible assets and face a rapid obsolescence of products more so than the firms in other sectors. The industry is characterized by a high degree of product innovations and provides markets with several products. The Egyptian software industry is facing burgeoning growth with export sales totalling 50 million USD within a total market estimated at 140 million USD (as reported in an interview with the president of the Egyptian Software Industry Chamber). Furthermore, Egypt has thousands of qualified software professionals and has become a major supplier of software products and services to neighbouring countries in the Arab region (Arab Human Development Report, 2002) .
The measurement of IC components has been the subject of considerable debate by several academics and practitioners (Bontis, 1999; Dooley, 2000; Youndt, 1998) . For example, Liebowitz and Suen (2000) report that existing metrics do not distinguish among input, output, and processes of IC. Moreover, some measurement frameworks do not include the flow dimension of IC. Ultimately, knowledge assets cannot be measured directly. They must be measured indirectly by measuring elements that are known to relate to these items. The IC used in the present study are based on the numbers and ratios that focus on the amount or quality of the knowledge assets or the use of such assets, and or the actions and practices to improve these assets. Other indicators have been added to this list by authors based on the pilot study and the opinions of some experts in the field of software firms in Egypt.
A Structural capital measures include indicators such as: number of books and references in the company library, number of licenses from international companies, number of meetings held among the developers weekly, percentage of implementing software project documentation, percentage of reusability of knowledge from previous projects, average number of bugs in a system or program, percentage of using prototype in software development, number of registered system programs, number of unregistered system programs, and implementation speed for projects within the company and the number of innovation sources in developing software.
Relational capital measures include indicators such as: percentage of long-term customers, average time from customer complaint to solution delivery for that complaint, how many customers participate in software testing before final delivery, percentage of customers who regularly upgrade or buy the follow product, percentage of software launched by the release date, customer's complaints, percentage of positive media PR in achieving business goals, number of connections and correlates between the company and the research centers and universities, how many times the media write about the company, number of talks in conference sessions about the company, number of memberships in association or professional organizations, number of countries the company exports to and the number of collaborative ventures with competitors.
Data collection
A letter was sent by fax, e-mail, and regular mail to the head of each company accompanied by a recommendation letter from the head of the Management Department at Alexandria University to encourage each company to participate in the study. Some of them requested a copy of the questionnaire before deciding to participate. Other firms refused to participate in the study because of the confidentiality of the required data. The companies that agreed to participate in the study made an appointment to the researcher to visit the company. The original intent was to calculate the selected items from data and information that could be obtained from public annual reports, balance sheets and other sources. Unfortunately, due to the confidentiality of some of the required items, some measures were collected through the self-reported questionnaire completed by the CEO. The questionnaire asked the CEO or one of their knowledgeable representatives in the participating firms to provide his or her estimation about the elements of IC included in the study. The questionnaire and interviews were conducted in Arabic. The whole interview process took between 2 and 4 h to complete. Table II shows the results of the data collected. show that the average number of superstar developers was 7.6 per firm and the average number of star developers was 8.9 per firm. The three aforementioned indicators are considered stocks of human capital as they represent the volume of investment by the firm in its effort to recruit qualified developers. These results confirm what has been reported by some scholars who argue that knowledge required for scientific discovery is embodied in a few specific individuals (Zucker et al., 1998) . The average number of newcomers was 7.4 employees per firm. This indicator presents a kind of positive flow to the stocks of the human capital. The newcomers constitute a kind of increase to the genetic and inheritance map in the firm. New employees typically bring new ideas and different experiences to be added to the existing stock of human capital. New developers are hired so that they may bring improvements to the knowledge discovery of the firm. On the other hand, the average number of developers who left annually was 2.7 per firm. The overall turnover rate for software developers was calculated for the purpose of comparing the Egyptian firms with their international counterparts. The turnover rate for Egyptian software developers was 10.5 percent. This ratio was calculated by dividing the number of leaving developers to the total number of developers in the whole sample. The international turnover rate for software developers is 21 percent. The explanation for the relatively lower rate of turnover for software developers in Egypt is the higher rate of unemployment of the country. Higher unemployment affects the mobility of software developers. Also, the majority of the software firms in Egypt are family-owned businesses which are characterized by a high level of emotional capital which plays a major role in determining the stability of the organizations. Moreover, Intellectual capital one can explain the lower rate of turnover by appreciating the relatively short age of the software industry in Egypt in general. Nevertheless, turnover has dual effects on IC. Some studies indicate that staff turnover is the main cause of the loss of institutional memory (Mason and Pauleen, 2003) as well as loss of organization level tacit knowledge (Stovel and Bontis, 2002) . Conversely, other research findings show that employee turnover sometimes reduces stagnation and improves innovation (Abelson and Baysinger, 1984) while separating poor performers (Dalton and Todor, 1979) . The average number of developers who received training in project management was 5.21 developers per firm while 6.39 developers could translate customer needs into programming. Both these ratios are considered low given the importance of project management training in software development and client customization and both these indicators represent stocks of human capital in the firm. The average number of total training hours (including on the job training or informal training) for developers in the sample was 111 h per firm or approximately 14 training days per employee per firm per year. This indicator is considered as a positive knowledge flow because learning processes are necessary to renew human capital. These results confirm reports about the importance of emphasizing the investment in IC to provoke further complementary investments, producing a self-feeding circle of investment and value creation (Stewart, 1997) .
Results

Human capital indicators
Results also show that the average number of developers who are able to work in a team was 17.6. This ratio is also low regarding the importance of teamwork in software development. This indicator has a great influence on the building of human capital because it is one of the important mechanisms for collective learning and knowledge exchange among team members. Socialization is a basic mechanism for the transfer of tacit knowledge embedded in experiences.
The average length of experience for developers was 6.4 years. The sample ranged from 2 to 20 years. The average years of experience is considered reasonable in light of the relatively short age of the software industry in Egypt. Tenure is a basic component of the stock of human capital in organizations (Edvinsson and Malone, 1997 ).
The value of the level of talent among the developers is 4.4 which is considered high. Talent level was measured using a five-point Likert-type scale with values ranging from 1 (very low) to 5 (very high). Also, the relatively low standard deviation score of 0.6 reflects that the variation among the CEOs concerning the level of talent on the firm level was low. Talent level is considered as one of the most important elements of human capital stock which is a prime source of competitive advantage.
Based on the aforementioned results, one can argue that Egyptian software firms possess many elements of human capital. Therefore, the following research proposition is suggested.
P1. There is a positive association between the human capital indicators and organizational performance.
Structural capital indicators
Results show that there was an average of 165 books in each firm's library. Scientific and professional references are one codified source of structural capital in knowledge intensive firms because they contain information that can be harvested for software development. Codified knowledge documents constitute a flow of knowledge in that TLO 11,4/5 they add to the stocks of human capital in the firm when utilized. The deviation for this metric is large with two firms in particular (Skhar Company and Harf Company) which have very large libraries. Each firm had an average of six international software tools and licenses. This average is relatively low. Most of these tools and licenses were purchased from companies such as Microsoft, Oracle and Sun. The average number of meetings among developers was 2.5 times weekly. This indicator reflects one of the organizational mechanisms that is used to exchange knowledge and experiences in the firm. It reflects the aspects of organizational learning and specifically the ability of the firm to leverage its collective learning . Since the process of organizational learning supports an organization's capability to take effective action, this indicator is considered as one of the processes components in building and developing structural capital because it involves interaction among developers to reach solutions, ideas, and innovations that solve client and organizational issues. Results show that the average percentage of documentation is 88 percent. Documentation allows knowledge to be extracted from the person who developed it. By making it independent of that person, it can be reused for future purposes (Hansen et al., 2001 ). This metric is considered important because it uncovers the ability of the firm to externalize its intellectual assets so that they can be used later for similar projects. The percentage of firms that actually used the earlier documented information was 80 percent. Loermans (2002) argues that the ability of a firm to codify and then reutilize its codified information allows a firm to speed up its renewal process. He cites the case of Skandia Insurance which was able to set-up its office in Mexico in 6 months using previously acquired and documented knowledge, whereas earlier it had expected this task to take 7 years (Loermans, 2002) .
According to the CEOs surveyed, the average percentage of bugs in the source code was 0.8 percent which is very small. Although Egyptian developers are efficient from the perspective of their CEOs, this percentage could be biased. To confirm these results, a credible software industry expert was contacted to clarify the data. He indicated that actual mistakes in programming are typically made by new programmers only. When it does happen, it never exceeds 4 percent and it is discovered through the internal auditing process. Furthermore, it is very rare for a software firm to deliver a deficient solution to a client. The percentage of firms using prototype models was 59 percent. The idea of using prototype models involves designing an initial copy of the system and then customizing it to meet the customer needs. This is a typical development process in the software industry. The average percentage of firms that utilize the prototype model internationally is 94 percent which means that the Egyptian firms have not gravitated towards the benefits of prototyping as much as their international counterparts.
The average number of registered software systems is 23 compared to the number of unregistered systems at six. System registration offers legal protection to the structural capital developed by the firm. This indicator also represents the amount of structural capital that is converted to intellectual property which is protected by patent or copyright. These knowledge assets are codified as physical descriptions of certain knowledge by which the company can assert ownership rights (Ashour, 2000) . CEOs perception of their firm's speed in implementing their projects averaged 3.89 on a five-point Likert-type scale. This is a relatively high score which reflects the efficiency of the firm in using their IC for achieving their projects.
Intellectual capital
There are two other structural capital items that were examined including ISO certification and the Capability Maturity Model (CMM) certification. Table II shows that firms were ISO certified, which is low. In an attempt to justify this, the CEOs reported that ISO certification is costly. Moreover, they mentioned that they are already applying the principles of quality control and improvement without necessitating a formal process. The results of the study also reported that 5.3 percent of firms reached the first level of CMM which is also very low. However, numerous firms pointed out that they are commencing the processes of CMM certification. The Ministry of Communications and Information in Egypt strongly suggests that firms become ISO and CMM certified in an attempt to improve the competitiveness of software development sector. CMM identifies key practices required to improve an organization's software development processes (Osmundson et al., 2003) . The CMM consists of five levels of increasing organizational maturity from Level 1 which refers to the lowest-level of capability to Level 5, which refers to the highest-level capability maturity. There were no firms in this study that had higher than Level 1 with most at Level 0.
Based on the aforementioned results, the following research proposition is suggested.
P2. There is a positive association between the structural capital indicators and organizational performance.
Relational capital indicators
On an average, each firm's client base consisted of 80 percent of long-term customers. On the one hand, this ratio is considered excellent because it reflects the ability of the firm to retain its customers. It is well known that it is normally easier to sell to the existing customers than to attract new customers. On the other hand, a reliance of existing customers often causes stagnation for innovation. Nevertheless, customer loyalty is a critical component of relational capital. Customer longevity gives an indication of how stable the customer base is (Kennedy, 1998) . The average time from a customer's complaint to solution delivery was almost 3 days. This shows the commitment of the company to solve the customer's problems or complains in a timely manner. During CEO interviews, it was discovered that most firms initially attempt to solve customers' problems by telephone, as a first step of intervention. Most customer complaints involved incompatible software or hardware issues that had nothing to do with the firm's programming itself.
The average number of customers who participated in software testing before final delivery or market release was 9.92 customers per firm. This indicator reflects the flows of learning from customers back to the firm. This indicator represents a path of learning that reinforces the growth of IC stocks in the firm. Bontis (1999) and his colleagues refer to this as feedback learning. The percentage of customers who regularly upgraded or bought a follow-up product was 42 percent. This indicator measures the frequency of repeated orders which is a proxy for customer satisfaction (Kennedy, 1998) . The percentage of software launched by the release date was 85 percent. This percentage is considered reasonable given the uncertainty and risks that face the software industry. The percentage of customer complaints was 13.95 percent, which on an average is relatively low. The percentage of positive media exposure when the firm was mentioned in the media was 55 percent. The range of responses for this metrics went from 0 to 100 percent.
The average number of connections between a company and experts was 3.52 occasions per month. This value is relatively small which reveals the degree to which the employees leverage the network and talents of industry experts who are at the nexus of the sector. This indicator represents the potential network paths which add knowledge to the IC stocks of the firm. Generally, the use of a network of experts provides the company with specific advantages for conducting its business.
The average number of times the media wrote about a company was 8.94 times. This indicator represents the market orientation of the firm and its ability to sustain its image and reputation. On an average, there were 1.68 instances when the firm was represented at a conference which also represents the opportunities the firm can develop its reputation in the marketplace. The average number of memberships in associations and professional organizations (e.g. Egyptian Software Association, The Software Industry Chamber) was 4.13 memberships per firm. Such memberships provide a chance for firms to monitor trends, technical innovations and exporting opportunities. Therefore, the increasing number of memberships reflects the increasing paths of knowledge flows with the marketplace possibly leading to increased opportunities. This indicator represents an active path of knowledge flows to the firms.
The average firm exported to 8.81 countries. This item has particular importance because it often includes an institutional relationship between the company and its clients in export markets. It also implies that firms have a deeper experience with international standards in design and efficiency. According to the World Development Report (1999), export-based companies focus on the investments in knowledge more than companies that emphasize local markets because they have to meet or exceed the global best practices. This indicator also represents a path for knowledge flows to the firms.
Each firm had an average of 1.13 collaborative ventures with the competition. This indicator refers to the acquisition of new knowledge from other firms. Some studies indicate that collaboration between local and foreign firms and travel on the part of executives and technicians are all channels through which knowledge can be transmitted (Navaretti and Tarr, 2000) .
P3. There is a positive association between the relational capital indicators and organizational performance.
Conclusions
The present study is the first to investigate the nature of human, structural, and relational capital in Egyptian software firms. The above results revealed that the software firms in Egypt possess many elements of IC and these elements can be, in fact, measured. The first step for software firms is to develop a knowledge management strategy for each component of IC. A knowledge management strategy contains a series of initiatives that support the firm's different kinds of knowledge assets such as an intellectual property policy to protect certain innovations, a secure documentation of potential business interest (customer lists, price lists, business practices and internal Intellectual capital processes) and a set of HR policies to support the recruitment, retention and training of developers. Top management should adopt a policy regarding their stocks of knowledge that would include the exploitation of existing knowledge assets to seize market opportunities without reinventing the wheel. The indicators used in this study represent a kind of simple list of IC stocks and flows. Regularly tracking of these indicators will help software firms adopt different strategies to acquire, build and exploit their IC. This provides managers with an interesting starting point to answer an important question: what is the level of resources firm should be committed to activate and increase its IC? With the passage of time, the above indicators explain the changes in IC stocks over time. They show how much and in which direction IC is changing, which is helpful for determining the size of the IC in each firm. They also show the deficiencies and threats that companies face. Moreover, measuring the stocks and flows of IC facilities knowledge management processes by introducing guidance aligning those stock and flows . The reported approach for measuring the components of IC will help in the institutionalization of standardized measures for benchmarking purposes in software firms. Moreover, it encourages firms to develop customized measures that contribute to the process of establishing tailored IC measures for each firm based on their own vision, strategy, and objectives. Ultimately, IC measurement helps CEOs to realize their competitive position.
Limitation of the study
The main limitation of this study is that due to the confidentiality of some of the required items in each IC component, the data provided were calculated based on CEOs who self-reported on their own firms. Therefore, measures were not based on raw data. A further limitation is that the study focused only on one country, and one sector and one point at a time. Thus, the ability to generalize is limited to that context.
Future research
This study is among the first to research IC at the firm level in the Arab region. Some recommendations for future research include the following.
. Empirically test the developed hypotheses which linked IC indicators to organizational performance.
. Collect similar data longitudinally so that hypotheses can be tested by accounting for time lags in changes among IC metrics and organizational performance measures.
. Replicate the study in other sectors within Egypt and explore alternative measures of IC to allow for more generalizations to be made. Conduct a study at the national level in Egypt to determine the relative benchmarking of IC development versus the G8.
Although there exists a growing body of literature in the field of IC, much of it is concentrated on the developed world and published in English. One of the outcomes of this paper is to fill that void by offering a fresh new setting for IC measurement in a country that may not be considered as an IC powerhouse by G8 standards, but definitely considers itself as a burgeoning powerhouse in the knowledge era.
